The evolution of the atmospheric noble gas composition during the past few decades has hardly been studied because, in contrast to many other atmospheric gases, systematic time-series measurements have not been available. Based on theoretical considerations, the atmospheric noble gas isotope composition is assumed to be He ratio associated with mining and burning of fossil fuels.
An alternative approach to study the evolution of the atmospheric He composi-33 tion is, in analogy to the Suess effect for the carbon isotopic composition of atmo-34 spheric CO 2 (e.g., Tans et al., 1979) He ratio was interpreted in terms of an anthropogenic input of fossil-fuel 44 derived He into the atmosphere (Sano et al., 1988 (Sano et al., , 1989 Sano, 1998) , other studies , 1991; Hoffmann and Nier, 1993; Lupton and Evans, 2004) . In light of the resulting controversy on the He isotope composition of the atmosphere 48 (Lupton and Graham, 1991; Hoffmann and Nier, 1993; Sano et al., 1991) , recent He ratio could therefore not be ruled out 56 (Sano et al., 1988 (Sano et al., , 1989 (Sano et al., , 2010 . In addition, the 3 He/ 4
He data obtained from He ratio in the atmosphere.
63
In summary, the knowledge on the elemental and isotopic noble gas composi- Langenfelds et al., 1996) . The CGAA was established with the specific aim of 87 preserving a record of atmospheric composition, and has been used extensively
88
for the reconstruction of a wide range of atmospheric trace gas histories (e.g.,
89
O' Doherty et al., 2009; Mühle et al., 2009 Mühle et al., , 2010 Vollmer et al., 2011) . In con-
90
trast to the air archives used in previous He isotope studies, the CGAA tanks were 91 always filled at the same location using consistent experimental methods. , 1988 , 1989 Sano, 1998 He ratio during the past few 146 decades (Sano et al., 1988 (Sano et al., , 1989 . The CGAA is a collection of gas tanks filled with air at the the Cape Grim
150
Baseline Air Pollution Station, northwest Tasmania (Langenfelds et al., 1996) . insight into the stability of the archived air composition (Langenfelds et al., 1996) .
188
This information is useful for identifying processes responsible for modification 189 of the archived air in the tanks.
190
The CGAA tanks used for this study were selected to (i) be evenly distributed 
CGAA subsampling and noble gas analysis
Subsamples for noble gas analysis were transferred from six CGAA tanks 222 (filled in 1978 , 1984 , 1993 , 2004 , 2010 and 2011 Tab. 3) , 2005) . Finally the copper tube was sealed at both ends using a crimping 238 tool. Multiple replicate subsamples were taken from each CGAA tank.
239
The noble gas isotope compositions in the CGAA subsamples (copper tubes)
240
were analysed in the Noble Gas Laboratory at ETH Zurich (Switzerland June 1996 (Tab. 2), which were processed exactly in the same way as the CGAA 262 subsample aliquots.
263
The standard errors for the noble gas concentrations and isotope ratios deter- 
266
We found that the total analytical precision is controlled mainly by the preparation 267 and cleaning of the gas aliquot, whereas the uncertainties of the gas analysis in the 
Results and Discussion

276
For each CGAA tank, at least nine air aliquots were analysed. These air 277 aliquots were taken from at least two different subsample replicates, respectively.
278
Only for the 2010 tank, all aliquots were taken from the same subsample. The Law is similar to the analytical precision (Fig. 1, dashed He ratio during the past few decades.
382
However, in contrast to previously measured decrease rates, our result is based on (4) 18 (3) 11 (2) 16 (3) 9 (1) 9 (2) 13 (3) 17 (3) 14 (2) 16 (3) 9 (1) 9 (2) 13 (4) 17 (3) 11 (2) 16 (3) 9 (1) 7(2) 13 (4) 17 (3) 10 (2) 16 (3) 9 (1) 8 (2) 13 (3) 18 (3) 15 (2) 15 (3) 8 ( 13 (4) 18 (3) 10 (2) 10 (2) 9 (1) 8 ( . p is the p-value resulting from a χ 2 test that the values plotted in each panel can be described by a common mean value, and M is the error-weighted mean of the data plotted in each panel. p and M were both calculated by (i) excluding or (ii) including the potential effusion effect in the 1984 data. Numbers next to the squares indicate the number of aliquots and subsamples (in parentheses) used to determine each data value. 14 (4) 18 (3) 9 (2) 10(2) 9(2) (4) 17 (3) 13 (2) 8 (2) 9(2) Ar ratio recommended by the IUGS Subcommission on Geochronology (Steiger and Jäger, 1977) rather than the more recent value of 298.6 (Lee et al., 2006; Mark et al., 2011) . 
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